Abstract The purpose of this study was to investigate the physico-chemical properties (free acidity, pH, a w , ash content, moisture content, color (L*, a*, b*, hue-angle, chroma and yellow index), fructose, glucose and sucrose content) and textural parameters (viscosity, hardness, adhesion, springiness, cohesiveness, chewiness and gumminess) of 50 samples of honey of different botanical origin (acacia, polyfloral, honeydew, sunflower and tilia). In order to achieve the authentication of the honey samples analyzed, their data have been subjected to linear discriminant analysis (LDA) and principal component analysis (PCA).The PCA and LDA have proved the possibility of honey authentication using the physico-chemical and textural properties. LDA classified correctly 92.0% of the honeys based on their botanical origin, using the cross validation. In the LDA projection, the textural parameters (chewiness, hardness, cohesiveness, springiness) dominated the two functions.
Introduction
Honey is known as the oldest natural sweetener with real medicinal qualities and a high nutritional value (Kaygusuz et al. 2016) . From the chemical point of view, honey consists of approximately 80% sugars (the main sugars are monosaccharides-fructose and glucose) and other substances such as: proteins, vitamins, minerals, enzymes (Escriche et al. 2011 (Escriche et al. , 2014 . The honey characteristics (e.g. composition, flavor, aroma and color) are influenced by the botanical and geographical origin, climate and honeybee involved in its production. In the same time the weather conditions and processing and keeping conditions influence honey quality (Escuredo et al. 2014; Tornuk et al. 2013; da Silva et al. 2016) .
In the last decade consumers prefer more monofloral honeys than polyfloral ones, which are much cheaper than monofloral honeys. A honey can be labeled as monofloral if it complies with some requirements established by the international food standards; the sample must contain whole or predominant pollen from a floral source and present some specific proprieties (e.g. aroma, flavor, color, composition) so as to belong to the monofloral category (Codex Alimentarius 2001) . The limited produced quantity and high price make honey be one of the most adulterated products. The knowledge of the quality and authentication parameters of honeys is useful for honey adulteration detection (Puscas et al. 2013; da Silva et al. 2016) .
Many papers on honey authentication based on physicochemical properties have been published in the last decades (Escriche et al. 2011 (Escriche et al. , 2014 Kato et al. 2014; CastroVázquez et al. 2014; Ciaccheri et al. 2015; Tuberoso et al. 2014; Beitlich et al. 2014; Oroian et al. 2015; Svečnjak et al. 2015; Gok et al. 2015) . Up to the present there have been no other attempts to authenticate honeys using physico-chemical and their textural parameters.
The purpose of this work was to authenticate different honey types (acacia, polyfloral, honeydew, sunflower and tilia) in function of their botanical origin using physicochemical, textural parameters and chemometrics [linear discriminant analysis (LDA) and principal component analysis (PCA)].
Materials and methods

Materials
Fifty different samples of different honey types (acacia, polyfloral, honeydew, sunflower and tilia) have been bought from local beekeepers of Suceava County, Romania. Each sample of honey was of 500 g. The 50 samples of honey are of five different botanical origins: 10 samples of acacia, eight samples of tilia, 12 samples of polyfloral, nine samples of honeydew and 11 samples of sunflower.
Physico-chemical properties
The physico-chemical parameters analyzed were: moisture content, pH, Brix concentration, refraction index, ash content and electrical conductivity have been determined using International Honey Commission (2009) methods. The water activity was measured using a water activity meter AquaLab Lite (Decagon, USA).
The Konica CR400 cromametre was used for color determination (Konica Minolta, Japan). The color intensity, hue angle and yellow index (YI) have been computed as:
Honey sugars (fructose, glucose and sucrose) have been determined using an International Honey Commission (2009) method base on a 10ADVP-SHIMADZU HPLC coupled with a refractive index detector. The sugars have been separated on an amino column with 250 9 4.6 mm i.d. (5 lm particle size). Five grams of honey was mixed with 40 ml water, 25 ml methanol and transferred to a 100 ml flask; the solution has been completed to the mark with water. After homogenization, the solution was filtered with a 0.45 lm membrane filter. Mobile phase A-acetonitrile (80%, v/v) and mobile phase B-water (20% v/v), with a flow rate set at 1.3 ml/min. Column oven and detector temperature: 30°C, the injection volume: 10 ll. The results for each sugar were calculated as g/100 g honey.
Texture profile analysis (TPA)
Since the texture parameters are influenced by air bubbles and crystals (Oroian 2015) , the honey samples have been warmed at 55°C in a water bath to dissolve the crystals. Thus, to remove the air bubbles, the samples have been kept prior to the analysis in flasks at 30°C (Oroian 2012) .
The TPA was carried out at 25°C with Mark 10 Texture Analyzer (Mark 10 Corporation, USA). The samples have been placed into a flask with a 70 mm diameter while the disc probe was of 50 mm. The speed was set at 150 mm/ min. The samples have been placed into a flask with a 25 mm high. During the procedure, the disc probe penetrated the sample to a 12.5 mm depth for two times. The texture parameters analyzed generated from the texture profile analysis were the following: viscosity (V), hardness (H), adhesion (A), springiness (S), cohesiveness (Co), chewiness (Ch) and gumminess (G) (Chen and Opara 2013) .
Statistical analysis
The statistical analyses used in the present study are the following: one-factor analysis of variance (ANOVA), Linear discriminant analysis (LDA) and Principal component analysis (PCA). The Unscramble 9 10.1 (CAMO Process AS, Oslo, Norway) was used for the statistical analysis as well.
Results and discussion
The physico-chemical parameters (moisture content, electrical conductivity, pH, a w , free acidity, refraction index,°B rix concentration, ash, colour parameters (L*, a*, b*, chroma, hue angle, yellow index), fructose, glucose and sucrose content) of 50 honey samples analyzed in this study are presented in Table 1 .
The honey moisture content ranged between 14.44 and 19.89%. None of the samples exceeded the limit of 20% established by the Codex Alimentarius (2001) . Out of the five botanical origins of honeys, it can be observed that the highest moisture content was observed for sunflower honeys, while the honeydew honeys presented the lowest levels. The difference of moisture content according to their origin was significant (P \ 0.05). A higher concentration than 20% will accelerate the fermentation process during honey storage (Oroian 2012) . The moisture content of the honeys analyzed were similar to those reported earlier (Bath and Singh 1999; Oroian et al. 2013; Escriche et al. 2011; Flores et al. 2015) . Singh and Bath (1997) reported similar moisture content for Trifolium and Eucalyptus lanceolatus honeys, but the higher moisture content for Brassica juncea honey.
The deterioration of honey can be shown by the free acidity level. This parameter is characterized by the presence of different substances such as organic acids, lactone (da Silva et al. 2016) . In this study neither mono and polyfloral nor the honeydew honeys have exceeded the maximum allowable level. The honey acidity was in the same range with those reported by , Bath and Singh (1999) and Singh and Bath (1997) .
The pH values of honey samples were in the acidic nature, ranging between 3.88 and 6.39. The acid nature of honey was due to the presence of amino acids and organic acids (Oroian 2012) . The pH values of the analyzed honeys were consistent showed to those reported for honeys from Algeria (Khalil et al. 2012) , India (Singh and Bath 1997; Nanda et al. 2009 ) and Spain (Oroian et al. 2013 ). Tilia and acacia samples the lowest pH values, while the honeydew and polyfloral honeys showed the highest.
The electrical conductivity of honey (Table 1) is a parameter correlated to acidity and ash content (Yücel and Sultanoglu 2013) . A value of the electrical conductivity higher than 800 lS/cm is specific to honeydew honeys (International Honey Commission 2009). Honeydew honeys had the highest electrical conductivity (1276.80 lS/ cm) and the lowest electrical conductivity was observed for acacia sample (136.10 lS/cm). The botanical origin of honeys influenced significantly the electrical conductivity (P \ 0.05).
Ash content is a one of the quality parameters of honey which is expressed by the mineral content. The values of ash content is not established by the Codex Alimentarius standards (2001), but according to the scientific literature, the average ash content in honey ranged from 0.02 to 1.03% (Chakir et al. 2011) . Ash content of the honey samples analyzed ranged between 0.05 and 0.63%. The acacia honeys presented the lowest ash content, while the honeydew exhibited the highest.
Water activity of honey is influenced by the molar concentration of the soluble species especially by those which have high molecular mass (e.g. proteins, aminoacids, enzymes, vitamins, minerals or aroma compounds), but there were present in low concentrations in honey and cannot contribute significantly. For this reason, honey water activity was influenced mainly by the fructose and glucose concentrations and to lesser extent by sucrose (Sagona et al. 2017) . The water activity ranged between 0.48 and 0.60 (P \ 0.05). The values were similar to honeys analyzed by Sagona et al. (2017) .
The honey color was an important parameter used for its authentication and is considered the first attribute of a honey. The color of honeys ranged from colorless to black (Belay et al. 2015) . The color parameters of the honey analyzed are shown in Table 1 . In terms of luminosity (L*) it can be observed that acacia honeys and tilia present the highest values. The highest values of L* indicated that the honeys were translucent (acacia honeys), while low values of L* indicated that the honey were dark (honeydew honeys). The lowest chroma (C*) value was observed for honeydew, while the sunflower had the highest values. Sunflower honeys presented the highest yellow index. The color parameters were different accordingly to the botanical origins (P \ 0.001). The differences in terms of color between the different honey types are due to the chemical composition and variety (Oroian 2012) . The color parameters were in agreement with those reported earlier (Habib et al. 2014; Escriche et al. 2014 ). According to the Pearson correlation, the L* was correlated negatively with ash content (-0.850**), electrical conductivity (-0.855**) and positively with sucrose content (0.698**). The a* was correlated positively with free acidity (0.527**), electrical conductivity (0.778**), ash content (0.780**) and glucose content (0.627**), while b* is correlated positively with the moisture content (0.461**), and negatively with the electrical conductivity (-0.597**) and ash content (-0.600**).
Honey sugars' concentrations are influenced by the botanical origin, and they are produced by honey-bees from nectar sucrose, the latter one being transformed into glucose and fructose through enzymatic hydrolysis by the bees (da Silva et al. 2016) . Codex Alimentarius (2001) established that the concentration of fructose and glucose must be higher than 60% in all honey samples. In our study all the honeys had a glucose and fructose concentration higher than 60%. The highest concentrations of fructose were determined in acacia honeys (Table 1 ). The polyfloral honeys had the highest concentration of glucose while honeydew did not present any concentration of sucrose.
The textural properties of honeys have been determined using a texturemetre device, and the parameters measured were: viscosity (V), hardness (H), adhesion (A), springiness (S), cohesiveness (Co), chewiness (Ch) and gumminess (G). The textural parameters of honey have not been reported till now as a part of honey authentication to the author's knowledge. A typical TPA profile for honey samples is shown in Fig. 1 . The evolution of the textural parameters of honey according to the botanical origin is shown in Fig. 2 . The honeydew honeys exhibit the highest hardness, viscosity, gumminess and chewiness. The botanical origin does not influence cohesiveness and springiness (P [ 0.05). The textural parameters are highly correlated between them, as follows: hardness with viscosity (r = 0.911**), hardness with adhesion (r = 0.853**), hardness with gumminess (r = 0.979**), hardness with chewiness (r = 0.930**), viscosity with adhesion (r = 0.909**), viscosity with gumminess (r = 0.889**), viscosity with chewiness (r = 0.874**), adhesion with gumminess (r = 0.837**), springiness with chewiness (r = 0.790**), cohesiveness with gumminess (r = 0.496**), cohesiveness with chewiness (r = 0.487**) and gumminess with chewiness (r = 0.955**), respectively. Regarding the correlation of the textural parameters with physico-chemical properties, the textural parameters are negatively correlated with water activity and moisture content. The moisture content influences negatively the evolution of the textural parameters because water has the ability of modifying the speed of molecules (Oroian 2012) . Fig. 4 Principal component analysis of the physicochemical and textural parameters: H-hardness, V-viscosity, Sp-springiness, Co-cohesiveness, Gu-gumminess, Ch-chewiness, pH, a w , Afree acidity, RI-refraction index, M-moisture content, C-conductivity, Ac-ash content, L*, a*, b*, C*, ha-hue angle, YIyellow index, F-fructose, G-glucose, S-sucrose (Co), chewiness (Ch) and gumminess (G)) parameters of 50 honey samples. PCA and LDA have been applied to achieve whether the physico-chemical and textural parameters can be used for the discrimination of honeys based on their botanical origin. PCA was used to see the influence of physico-chemical and textural parameters on the honey botanical origin using a descriptive point of view. PCA scores and loadings are presented in the Figs. 3 and 4. The PC1 and PC2 explained 99% of the variations; the PC1 explains 98%, while the PC2 explains 1% of the variations. The PC2 divides the samples acacia and sunflower of tilia and honeydew, while the polyfloral honeys are placed near to the coordinates origins. The groups were well defined and the samples were grouped according to their botanical origin. The parameters which influenced more the projection were placed in the outer ellipse, while the samples placed in the inner ellipse did not influence to great extent.
LDA was applied to physico-chemical and textural properties using the stepwise method. The correct classification of the honeys based on their botanical origin has been achieved for 96.0% of the samples using the original grouped, while in the case of the cross-validated grouped the correct classification could be achieved for 92% of the samples. Table 2 presents the classification of the honeys using these two methods. The LDA resulted into two canonical functions with the eigen values 23.041 and 7.519. Total variance of 67% was explained by the function Fig. 5 the projection of the samples of honeydew, tilia and acacia honeys being well defined as groups, while sunflower and polyfloral are mixed in some region. The b* parameter (F1 = 3.901, F2 = -0.952) dominated the first function, followed closely by chewiness (F1 = 2.966, F2 = -3.694). The hardness parameter (F1 = 1.412, F2 = 5.818) dominated the second discriminant function, followed by cohesiveness (F1 = -0.341, F2 = 1.724) and springiness (F1 = 1.011, F2 = 1.231) (Fig. 6 ).
Conclusion
The present paper approaches a new perspective of honey authentication based on physico-chemical, textural parameters and chemometrics. The physico-chemical parameters of honeys are in agreement with other honeys presented in the literature. The PCA and LDA have proved the possibility of authenticating honeys by the use of the physico-chemical and textural properties. Thus, by means of the LDA it was achieved a 92.0% correct classification of honeys using the cross validation grouped, and 96.0% correct classification of honeys using the original validation grouped. In the LDA projection, the textural parameters (chewiness, hardness, cohesiveness, springiness) dominated the two functions.
